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© Production of lignin. 



© A process for the production of lignin in which 
lignin is precipitated from aqueous solution by acidi- 
fication and agitation and tlie precipitated lignin is 
separated from accompanying liquid in which the 
lignin-containing solution and the acid are introduced 
by simuitanteous cocurrent flow into an agitated mix- 
ing region, the precipitated lignin is separated not 
more than 60 minutes after precipitation and the 
separated lignin is subsequently washed. The pro- 
cess can form a step in a general process for the 
^treatment of lignoceMulosic materials to produce one 
or more products including lignin. The process en- 

Mables the ash content of lignin to be reduced. 
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Production of Lignin 



This invention relates to a process for the pro- 
duction of lignin. 

Lignocelluiosic nnaterials such as straw may be 
treated to produce products of three nnain types, 
hemicellulosic sugars (particularly xylose), cellulose 
fibres and lignin. Generally treatments are directed 
towards the production of only one type of product 
and the others are discarded. However in US Pat- 
ent No. 2615883 a process is proposed which 
enables products of all three types to be produced. 

When lignin is to be produced, the lignocel- 
luiosic material is first subjected to a mild acid 
hydrolysis using a dilute acid, e.g. dilute sulphuric, 
hydrochloric or nitric add. The hydrolysis product 
is then filtered to give a solution containing the 
hemicellulosic sugars and a solid material contain- 
ing lignin and cellulose fibres and from which the 
sugars have been substantially removed. This solid 
material is then treated with an alkali, e.g. sodium 
hydroxide solution, in a reactor at a temperature 
preferably in the range 70* to 130* C. Following 
this alkaline treatment the resultant slurry is then 
filtered to give cellulose pulp and a solution con- 
taining lignin. Lignin is generally isolated from the 
lignin containing-solution by precipitation with an 
acid and subsequent filtration. A number of pro- 
cesses have been described for acid precipitation 
of lignin from lignin-containing solutions including 
those of US Patents Nos. 2615883. 3017404, 
3223697. 3808974. 3817974 and 3984362. The lig- 
nin produced has generally been intended for use 
as a reinforcing filler for rubber compositions. 
When used for this purpose it is desirable that the 
lignin should have a high specific surface area. i.e. 
be in the form of small porous particles, and many 
of the processes previously described for lignin 
production have generally had the aim of producing 
lignin of appropriate particle size and porosity. 

The main impurity present in currently com- 
mercially available lignin is ash. It is desirable that 
processes for the production of lignin should be 
developed in which the ash content of the lignin 
produced is reduced. The effect of ash and of 
other non-lignin constituents on the properties of 
lignin is discussed in US Patent 3984362 (col. 1. 
lines 59 - 65). 

According to the present invention we provide 
a process for the production of lignin by precipita- 
tion from an aqueous solution containing It In which 
the solution is acidified and agitated at a tempera- 
ture in the range 10* to 100* C, the solution being 
treated with sufficient acid to produce a pH in the 
range 1.8 to 4 thereby precipitating the lignin; and 
the precipitated lignin is then separated from ac- 
companying liquid, characterised In that the llgnin- 



containing solution and the acid are introduced by 
simultaneous cocurrent flow into an agitated mixing 
region, the precipitated lignin is separated not more 
than 60 minutes after precipitation and the sepa- 

5 rated lignin is subsequently washed. 

The agitated mixing region can be any con- 
fined space to which the lignln-containing solution 
and the acid can be supplied simultaneously and 
cocurrently to be intimately mixed. The region is 

70 provided with a stirrer or other mixing means. The 
region can be an enlarged pipe into which the 
lignln-containing solution and the acid are supplied 
along narrower pipes. Preferably the region is a 
vessel into which the lignin-containing solution and 

75 acid are supplied separately and concurrently. 

The lignin-containing solution can be derived 
from a number of sources. In particular it can be 
produced in a general process for the treatment of 
lignocelluiosic materials such as straw to produce 

20 one or a number of products. The process of the 
invention for the production of lignin would then 
form a step in the general process. Suitably the 
general process could have the following steps:- 

1. A first step in which the lignocelluiosic 
25 material is treated with dilute acid (preferably 0.5 - 

5%) to produce a sugar-containing solution and a 
solid material containing lignin and cellulose; 

2. A second step in which the products of 
the first step are separated by filtration, the sugar- 
so containing solution being optionally treated to sepa- 
rate xylose therefrom; 

3. A third step in which the solid material 
from the second step is treated with alkali solution 
(preferably 0.5 - 5%) at a temperature between 

35 70 and 130 C to produce a lignin-containing so- 
lution and cellulose pulp; 

4. A fourth step in which the products of the 
third step are separated by filtration; 

5. A fifth step which is the process of the 
40 invention; and 

6. A sixth step in which the cellulose pulp 
separated in the fourth step is further treated. 

The further treament of the cellulose pulp could 
be a process for its solubilisation and/or hydrolysis. 
45 e.g. a process in which it is treated by an acid 
especially hydrochloric acid in the presence of a 
halide of calcium, magnesium or lithium, particu- 
larly calcium chloride, or a precursor of such a 
halide, as described in our European Patents Nos. 
50 44622B and 96497B. 

The invention is illustrated by the accompany- 
ing drawings in which:- 

Rgure 1 is a diagram of an apparatus which 
can be used for the pnjcess of tiie invention; 

Rgure 2 is a graph of % ash content as 
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ordinate against pH as abscissa setting out the 
results of Example 1 below; 

Figure 3 is a graph of % ash content as 
ordinate against temperature ('C) as abscissa set- 
ting out the results of Example 2 below; 

Figure 4 is a graph of % ash content as 
ordinate against stirrer speed (r.p.m.) as abscissa 
setting out the results of Example 3 below; 

Figure 5 Is a graph of % ash content as 
ordinate against time left standing (minutes)' as 
abscissa setting out the results of Example 4 be- 
low; and 

Figure 6 is a graph of % ash content as 
ordinate against number of 200 ml wash volumes 
as abscissa setting out the results of Example 5 
below. 

The process of the invention can be carried in 
the apparatus shown diagrammatical I y in Figure 1 
of the drawings. In this lignin-containing solution 
from heated reservoir 1 and acid from heated res- 
ervoir 2 are pumped simultaneously and cocurren- 
tly into mixing vessel 3 by pumps 4 and 5 respec- 
tively. The mixture produced in vessel 3 is highly 
agitated by a variable speed agitator (not shown in 
the drawing) thereby subjecting the mixture to con- 
siderable shear forces. Lignin is precipitated from 
solution in vessel 3 and then passes from vessel 3 
along channel 6 into tank 7 from whence it passes 
to vessel 8 in which it is separated from any 
remaining liquid by filtration. The filtered lignin is 
thereafter washed. The process of the Invention 
can be operated as a batch or as a continuous 
process. 

After the lignin has been precipitated, the 
length of time that it Is allowed to stand before 
separation has a significant effect on its final purity. 
In the process of the invention the lignin Is allowed 
to starid for no longer than 60 minutes and prefer- 
ably for no longer than 10 minutes (e.g. 0.1 to 10 
minutes) after precipitation. Preferably the lignin is 
separated by filtration but other means may be 
used e.g. centrifugation. 

Temperature and pH also influence purity and 
the process of the invention is operated at a pH in 
the range 1.8 to 4 and a temperature in the range 
10 ' to 100* C- The prefered pH range Is 3 to 4. 
We have found that the ash content of lignin pro- 
duced in the optimum pH range by the process of 
the invention can be reduced to less than 0.5%. 
We have found that the ash content of lignin 
precipitated at temperatures in the range 40 to 
100* C is low. When the lignin solution is produced 
by the general process outlined above its tempera- 
ture is approximately 60 "C. Hence preferably the 
process of the invention is carried out at a tem- 
perature in the range 50* to 70 'C. 

In the process of the invention lignin is 
precipitated from the highly agitated mixture of 



lignin solution and acid. Preferably a mechanical 
agitator is used to give specific power inputs great- 
er than those obtained on a laboratory scale at 
agitator speeds above 2000 rpm to achieve mixing 

5 on a microscopic scale. The stirrer speeds required 
to achieve this objective will vary depending upon 
stirrer geometry, the geometry and fittings of the 
vessel in which mixing occurs and fluid aspect 
ratio, i.e. proportion of the agitator immersed in 

70 fluid. Any type of agitator may be used for example 
paddles, turbines or propellers. The precipitated 
lignin is washed with water after separation prefer- 
<- ably at a temperature in the range 20* to 60* C. 

Preferred acids are inorganic acids in particular 

75 sulphuric and hydrochloric acids but other acids 
can be used. Preferably the acid supplied to the 
mixing region has a concentration in the range 0.1 
to 5 M, particularly 0.5 to 5 M. The lignin-contain- 
ing solution which is supplied to the mixing region 

20 preferably contains lignin at a concentration of 2% 
to 10% */v. 

The process of the invention enables lignin 
having a high purity and low ash content to be 
produced. The purity and reactivity of the lignin 

25 produced is such that it can be used in a wide 
range of products, e.g. dyestuff dispersants. resins, 
adhesives, concrete additives, oil well drilling 
muds, animal feed pellets, gypsum boards and in 
the production of fine chemicals. 

30 The invention is illustrated by the following 

Examples:- 

EXAMPLE 1 

35 

Using the apparatus of Figure 1 and the gen- 
eral process described above a series of experi- 
ments was carried out in which to the mixing 
vessel were supplied sulphuric acid of strength. 

40 2.5M and a lignin solution of strength 8% produced 
from straw to give mixtures in the vessel having a 
series of pH values in the range 1.8 to 4.6. The 
agitator speed was 4200-5300 rpm and the tem- 
perature was between 60 'C and 65* C. In each 

45 case the lignin produced was filtered after 2 min- 
utes from precipitation. The filter cake^was washed 
with 3 cake volumes of water at 50 *C and then 
dried in a vacuum oven at 60 *C. The ash content 
of the lignin produced in each experiment was 

50 measured by the method of ash detemnination giv- 
en in the British Pharmacopoeia 1958. p 884. The 
results are shown in Figure 2 which is a graph of 
% ash content as ordinate against pH as abscissa. 
It can be seen from the graph that the ash content 

55 is low at pHs between 1 .8 and 4. 
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Using the apparatus of Rgure 1, experiments 
were carried out at temperatures of 20* . 46° and 
60 * C respectively at pHs between 3.8 and 4 and 
using the other conditions described in Example 1 . 
Ash contents of the precipitated llgnins were deter- 
mined as in Example 1. The results are shown in 
Figure 3 which is graph of % ash content as 
ordinate against temperature as abscissa. From 
this it can be seen that the results at 46* and 
60 ' C are very low. 



EXAMPLE 3 

Using the apparatus of Figure 1 with the simple 
propeller agitation used in our other examples, a 
series of experiments were carried out at different 
propeller speeds. Temperatures in each experi- 
ment were in the range 65* to 68*C and pHs In 
the range 3.5 to 3.7. The other conditions were as 
described in Example 1. Ash contents were deter- 
mined as described in Example 1. A graph bf % 
ash content as ordinate against stirrer speed (rpm) 
as abscissa is shown in Rgure 4. From this it can 
be seen that stirrer speeds above 2000 r.p.m. 
result in very low ash contents. 



EXAMPLE 4 

Using the apparatus of Figure 1. experiments 
were carried out to determine the effects of leaving 
the precipitated lignin to stand (ageing) for different 
periods of time before filtration and washing. 
Batches of 400 mis of 2.25%. 4.3% and 8.5% 
lignin solution were precipitated and left to stand 
for 0. 10 or 30 minutes before filtration. The filtered 
cake was then washed with 3 x 200 mis of water at 
50 * C for each case. The lignin was then dried and 
an ash determination carried out as described in 
Example 1. The results are set out in Rgure 5 
which is a graph of % ash content as ordinate 
against time left standing (minutes) as abscissa. 
Figure 5 shows that the filtration of precipitated 
lignin should be carried out as soon as possible 
after precipitation in order to minimize the pres- 
ence of ash in the final lignin product. 

EXAMPLE 5 

Using the apparatus in Figure 1, experiments 
were can-ied out to demonstrate the effect of wash- 
ing the lignin filter cake on the final ash content. 
2000 mis of a lignin solution of 4.4 % concentration 
were precipitated at pH 3,1 using 2.5 M sulphuric 
acid. 400 ml aliquots of the lignin slurry were taken 
and filtered on a Buchner RIter and then washed 



with 0. 1, 2. 3 and 4 x 206~'mf?<)f wa'sh waiter at 
room temperature. The lignin filter cake was then 
dried at 60 * C in a vacuum oven and analysed for 
ash as described in Example 1. Rgure 6, which is 

5 a graph of % ash content as ordinate against 
number of 200 ml wash volumes as abscissa, 
shows the results of this experiment and dem- 
onstrates that at least 1 volume of wash water is 
desirable and, in practice, 1 - 4 wash volumes are 

10 preferably to be used. 



Claims 

rs 1, A process for the production of lignin by 

precipitation from an aqueous solution containing It 
in which the solution is acidified and agitated at a 
temperature in the range 10* to 100* C, the solu- 
tion being treated with sufficient acid to produce a 

20 pH in the range 1.8 to 4 thereby precipitating the 
lignin; and the precipitated lignin is then separated 
from accompanying liquid, characterised in that the 
lign in-containing solution and the acid are intro- 
duced by simultaneous cocurrent flow Into an agi- 

25 tated mixing region, the precipitated lignin is sepa- 
rated not more than 60 minutes after precipitation 
and the separated lignin is subsequently washed, 

2. A process according to claim 1 charac- 
terised in that the precipitated lignin is separated 

30 not more than 10 minutes after precipitation. 

3. A process according to claim 2 charac- 
terised in that the precipitated lignin is separated 
between 0.1 and 10 minutes after precipitation. 

4. A process according to any one of claims 1 
35 to 3 characterised in that the solution is treated 

with sufficient acid to produce a pH for the solution 
after acidification in the range 3 to 4. 

5. A process according to any one of the 
preceding claims characterised in that the tempera- 

40 ture is within the range 50 ' to 70* C. 

6. A process according to any one of the 
preceding claims characterised in that the acid is 
supplied to the mixing region at a concentration in 
the range 0.1 to 5 M. 

45 7. A process according to any one of the 

preceding claims characterised in that the fignin- 
containing solution which is supplied to the mixing 
region contains lignin at a concentration in the 
range 2% to 10% ^/v. 

50 8. A process according to any one of the 

preceding claim characterised in that in the mixing 
region a mechanical agitator is used to give spe- 
cific power inputs greater than those obtained on a 
laboratory scale at agitator speeds above 2000 

55 rpm. 

9. A process according to any one of the 
preceding claims characterised in that after separa- 
tion the precipitated lignin is washed with water at 
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a temperature in the range 20 " to 60 ' C. 

10. A process for the treatment of lignocel- 
lulosic material to produce one or more products 
which comprises the following steps:- 

1. a first step in which the lignocellulosic material is 5 
treated with an acid at a concentration in the range 
0.5%-5% to produce a sugar-containing solution 

and a solid material containing lignin and cellulose; 

2. a second step In which the products of the first 
step are separated by filtration; io 

3. a third step, in which the solid material from the 
second step is treated with alkali solution at a 
concentration in the range 0.5%-5% at a tempera- 
ture in the range 70* to 130* C to produce a lignin- 
containing solution and cellulose pulp; '5 

4. a fourth step in which the products of the third 
step are separated by filtration; 

5. a fifth step in which the lignin-containing solution 
separated in the fourth step is acidified and agi- 
tated at a temperature in the range 10' to 100* C, 20 
the lignin-containing solution being treated with suf- 
ficient acid to produce a pH in the range 1.8 to 4 
thereby precipitating the lignin; and the precipitated 
lignin is separated from accompanying liquid; and 

6. a sixth step in which the cellulose pulp sepa- 25 
rated in the fourth step is further treated; 
characterised in that in the fifth step the lignin- 
containing solution and the acid are introduced by 
simultaneous cocurrent flow into an agitated mixing 
region, the precipitated lignin is filtered not more 30 
than 60 minutes after precipitation and the filtered 
lignin is subsequently washed. 
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